INTRODUCTION
Peyronie's disease (PD) is an acquired fibrotic disease of the tunica albuginea that can cause penile pain, the development of palpable penile plaques, erectile dysfunction, and penile deformity. 1 The prevalence of the disease is estimated at between 3% and 9%. 2, 3 The cause is unknown, but trauma and genetic susceptibility are associated factors. 4 Penile deformity in PD results from focal loss of tunical elasticity at involved areas of the tunica albuginea at sites of collagen deposition and fibrosis. This results in non-uniform tunical expansion during erection wherein uninvolved areas of the tunica albuginea stretch more than involved areas. When fibrosis results in focal loss of longitudinal tunical stretch, the resultant deformity is penile curvature.
Although curvature is the most commonly discussed and reported manifestation of PD, fibrosis in PD can also result in other deformities. Global loss of longitudinal tunical elasticity can result in global penile length loss. 5, 6 Moreover, tunical fibrosis can also result loss of radial tunical elasticity that can manifest as focal or global loss of erect penile circumference. This results in penile indentations, hourglass deformities, and areas of proximal or distal girth loss. 7 Non-curvature deformities associated with loss of erect penile volume, such as shortening, narrowing, and hourglass deformities, are prevalent and bothersome. 8, 9 Such volume-loss deformities may interfere with an affected patient's ability to engage in penetrative sexual intercourse by destabilizing the axial rigidity of the erect penis. In severe cases, penile length and girth loss may also result in functional impairment. In addition, penile volume-loss deformities caused by PD can cause psychological distress. For many patients, penile shortening and narrowing contribute more than curvature to depression and relationship problems. The prevalence and clinical importance of non-curvature deformities has not been thoroughly investigated. We sought to better characterize the prevalence and clinical importance of these deformities among adult men with PD. Specifically, we wanted to assess the impact that penile volume-loss deformities have on sexual, psychological, and physical function.
METHODS
We retrospectively examined medical records of consecutive patients with PD who underwent comprehensive physical examination of the penis after pharmacologic erection by a specialized urologist (P.J.S.) at our institution from December 2012 to June 2016. Inclusion criteria included men older than age 18 who were presenting for an evaluation of PD. Exclusion criteria included prior surgical correction of PD, prior insertion of penile prosthesis, and failure to achieve an adequate erection during office examination.
After giving informed consent, all patients underwent intracavernosal injection of Trimix (alprostadil, papaverine, and phentolamine). Injections were given between 1 and 3 times with a dose of between 5 and 40 units per injection, as needed to achieve clinically maximum erection. The adequacy of erection was recorded subjectively on a scale from 1 to 10, and patients with erections <7 were excluded from further analysis. Penile curvature was measured with goniometer, and the presence of penile curvature was defined as an angle >10
. Penile volumeloss deformities were defined as hourglass deformities, unilateral indentations, or distal tapering on physical examination and were defined irrespective of the presence or absence of penile curvature. All goniometer measurements and deformity assessments were performed by a single investigator (P.J.S.).
At the time of pharmacologic erection, patients also underwent penile duplex Doppler ultrasound (PDDU) to assess penile vascular function and plaque characteristics. Images were obtained in the longitudinal and transverse planes from the base of the penis to the coronal sulcus with greyscale and Doppler mode ultrasonography at 12 to 18 MHz using a linear array transducer. After completion of the examination and ultrasound, all patients remained in the office until the erection subsided. If necessary, they received an intracavernosal injection of phenylephrine to reverse the erection.
The primary clinical parameters that we evaluated were presence or absence of axial instability, functional impairment, psychological distress, penile pain, erectile dysfunction, ejaculatory dysfunction, sexual dissatisfaction, decreased sexual activity, and decreased sexual desire. Axial instability was identified as penile buckling with application of axial force during physical examination. The parameters of functional impairment, psychological distress, and penile pain were obtained from the patient history, as recorded in the patient's medical record before the examination under pharmacologic erection. The parameters of erectile dysfunction, ejaculatory dysfunction, sexual dissatisfaction, decreased sexual activity, and decreased sexual desire were obtained from the Male Sexual Health Questionnaire (MSHQ), which was filled out by each patient before the examination under pharmacologic erection. The MSHQ is a 25-question survey that assesses 5 domains: Erection Scale, Ejaculation Scale, Sexual Satisfaction, Sexual Activity, and Sexual Desire. Each item is measured on a scale from 1 to 5 or 0 to 5, with a score of 3 indicating a neutral response and lower numbers indicating worse function. Each of the 5 domains was considered a clinical parameter and was assessed by taking the average of the responses for each question in the domain. An average score <3 was considered a positive response.
Clinical parameters of patients with and without volume-loss deformities were compared using a chi-square test for univariate analysis and a multivariate logistic regression model that controlled for the degree of penile curvature as a continuous variable. P values <.05 were considered statistically significant. All statistical analysis was done using Stata (StataCorp, College Station, TX, USA). Institutional review board approval was obtained from our institution.
RESULTS
We identified 128 patients who met criteria for inclusion. Baseline characteristics are shown in Table 1 . The prevalence of volume-loss deformities in our cohort was 65% (83/128). Unilateral indentations were present in 39% of patients (50/128). Hourglass deformities were present in 23% of patients (30/128). Distal tapering was present in 13% of patients (16/128). Penile curvature >10 was present in 90% of patients (115/128). When indentation/hourglass and curvature were both present, 81% of indentations/hourglasses were at the site of maximal curvature. Additional characteristics of penile deformities are described in Table 2 .
Compared with patients with nonevolume-loss deformities, patients with volume-loss deformities had significantly higher rates of axial instability (42% vs 20%, P ¼ .01); psychological distress (67% vs 44%, P ¼ .03); and decreased sexual activity (53% vs 29%, P ¼ .02) ( Table 3) . These results held true after controlling for angle of curvature using multivariate logistic regression; patients with volume-loss deformities had significantly higher rates of axial instability (OR ¼ 3.5, P ¼ .01) and psychological distress (OR ¼ 2.6, P ¼ .03), as well as decreased sexual activity (OR ¼ 2.7, P ¼ .02) (Figure 1) . There were no significant differences between the 2 groups in the likelihoods of self-reported functional impairment or penile pain, and there were no significant differences between the 2 groups in MSHQ scores for erectile dysfunction, ejaculatory dysfunction, rates of sexual dissatisfaction, or decreased libido. Among the 121 patients who underwent PDDU, there were no significant differences in PDDU parameters between patients with and without volume-loss deformities (Table 4) .
Based on the significantly higher rates of axial instability, psychological distress, and decreased sexual activity in patients with volume-loss deformities, we conducted a post hoc analysis of the variation in these clinical parameters based on the type of deformity and the location of deformity. Owing to the small numbers of data points at this level of detail, no statistical tests were done. The results are shown in Figure 2 . Indentation appears to have the highest rates of these parameters (48% instability, 72% psychological distress, 62% decreased sexual activity) compared with hourglass and distal tapering. Additionally, proximal deformities (both indentation and hourglass) appear to have a more severe impact than mid or distal deformities.
DISCUSSION
In this study, we characterize the prevalence and clinical importance of penile deformities that decrease erect penile volume among adult men with PD. In our sample, 65% of patients had evidence of focal or global erect penile volume loss on physical examination. The most common type of volume-loss deformity was unilateral indentation, followed by hourglass deformity and distal tapering. The prevalence of volume-loss deformities did not vary significantly based on age, race, body mass index, smoking status, history of penile trauma, duration of disease, or comorbidities, although volume-loss deformities were less common among people of Hispanic ethnicity. The majority of patients had penile curvature in addition to volume loss, although 10% of patients in our sample did not have curvature >10
.
Our findings are consistent with results of previous studies. Farrell et al 8 collected data on penile deformities subjectively from a cohort of 200 men with PD, and they found prevalences of penile shortening, erect penile narrowing, and penile hourglass deformities were reported to be 70%, 27%, 26%, respectively. In their study sample, 11% of patients had no penile curvature. Cakan et al 9 evaluated a cohort of 614 patients with PD and noted a 13% prevalence of "pure notching deformity" with no penile curvature. Among the patients with pure notching deformity, 63% had unilateral notching, 35% had hourglass deformity, and 2% had both unilateral notching and hourglass deformities. Although Cakan et al 9 described patients with "pure notching" and no curvature, we found that the relative rates of unilateral notching and hourglass deformities remained consistent when including patients with coexistent curvature and volume-loss deformities.
Despite their relatively high prevalence, the functional impact and clinical relevance of penile volume-loss deformities have not .81 Right EDV, median (IQR) 0 (À7e0) 0 (À6e0)
.46 Right RI, median (IQR) 1.0 (1.0e1.1) 1.0 (1.0e1.1) .68 Left PSV, median (IQR) 43 (34e56) 44 (35e54) .80 Left EDV, median (IQR) 0 (À5e1) 0 (À6e0 been adequately studied. Walsh et al 13 reported that severe penile curvature was the only type of deformity independently predictive of sexual disability, but this study does not convincingly rule out a relationship between volume-loss deformities and sexual disability. In fact, Walsh et al 13 reported that on bivariate analysis, penile shortening was functionally impairing and that there was a non-significant association of hourglass deformity with sexual disability. Although their multivariable analysis failed to report an association between specific volume-loss deformities and functional impairment, the results are difficult to interpret owing to the abundance of variables in the multivariable model (17) compared with the small number of patients with sexual disability (42) in the study.
Other studies have demonstrated the clinical significance of penile volume-loss deformities. Several groups have reported that penile length loss in PD is associated with emotional problems and depression. 10, 12 A qualitative study found that some men consider penile shortening and narrowing to be more concerning than other deformities. 11 Non-curvature deformities have also been associated with higher rates of erectile dysfunction, distal flaccidity, and pivoting of the penis during intercourse. 9 This study supports and enhances the evidence that noncurvature deformities that cause loss of erect penile volume have important clinical implications. Men with volume-loss deformities in our cohort were 4 times more likely to have axial instability during erection, 5 times more likely to report psychological distress related to their condition, and twice as likely to report decreased sexual activity than men with the same degree of penile curvature.
Unfortunately, despite the clinical significance of volume-loss deformities, researchers often ignore these deformities because they are difficult to quantify. The majority of clinical trials of PD therapies use the angle of curvature as the primary end point.
14e19 Although some trials have assessed plaque size, this is difficult to measure and has questionable clinical importance.
16e19 Metrics that are associated with volume-loss deformities, such as length and circumference, have been studied to a limited extent, but the use of these parameters has been limited by difficulty in reproducing and interpreting the measurements. 20, 21 A descriptive and intuitive metric to assess the severity of indentations, hourglass deformities, and narrowing deformities is erect penile volume. The ability to measure penile volume, such as using 3-dimensional photography, has the potential to improve the quantitative characterization of these deformities, thereby empowering clinical researchers to evaluate the effect of therapies on volume-loss deformities. 22 This study is limited by the subjectivity of the clinical parameters, as well as by the systematic exclusion of patients with severe erectile dysfunction. Because a formal deformity assessment requires an adequate erection, patients who are unable to achieve an erection after Trimix injection were not included, potentially introducing bias. Our study was also unable to evaluate penile shortening, another type of volume-loss deformity, because this is a metric that requires a baseline measurement for objective assessment. Thus, we likely underestimate the prevalence of volume-loss deformities. Further, we did not use the validated Peyronie's Disease Questionnaire, which has been validated as a tool to assess the impact and severity of PD symptoms, because this tool was not available until 2013.
To our knowledge, this is the first study to report significant clinical symptoms associated with objective findings of penile volume-loss deformities in men with PD, independent of angle of curvature. Additional studies are needed to improve the quantitative assessment of volume-loss deformities to develop clinical trials for volume-restoring therapies.
CONCLUSION
Volume-loss deformities are highly prevalent in men with PD. These non-curvature deformities are associated with axial instability, psychological distress, and decreased sexual activity. Volume loss in PD is clinically significant independent of penile curvature and merits further research.
